Peanut lectin binding sites were demonstrated in normal canine tissues and in 114 canine tumors by avidin biotin complex immunohistochemical staining on unfixed cryostat tissue sections. Peanut agglutinin (PNA) receptors occurred in a variety of normal cells and tissues, including lymphoid follicle center cells; cortical thymocytes; basal cells and the stratum spinosum of stratified squamous epithelium; columnar epithelium of the gastrointestinal tract; parietal cells and chief cells of the stomach; some endothelial cells; myelin; chrondrocytes; spermatogenic cells; cells of the adrenal medulla; Bowman's capsule and the distal convoluted tubules of the kidney; prostatic, perianal and endometrial epithelium; and the extracellular matrix of connective tissues. Neoplastic cell staining was sporadic and was most often observed in benign or well-differentiated neoplastic tissues in which the corresponding normal cells also expressed PNA binding sites. However, PNA also bound to some tumor cells in which the analogous normal tissues were unstained, including cells of some fibrosarcomas, rhabdomyosarcomas, hemangiopericytomas and proliferating myoepithelial cells in mixed mammary tumors. Although PNA binding is complex and heterogeneous in canine tissues and does not appear to immunohistochemically detect a moiety associated with neoplastic transformation per se in the majority of canine tumors, the expression of PNA receptors may be associated with neoplastic changes in some mesenchymal cell populations.
and stored at -80 C. Four micron cryostat tissue sections were mounted on precleaned glass slides coated with 0.5% gelatin. Sections were allowed to air dry for 10 to 30 minutes before initiating the staining procedure. Tissues from normal dogs were, in addition, fixed for 24 hours in 10% neutral buffered formalin and embedded in paraffin wax (Paraplast, Fischer Scientific, Edmonton, AB, Canada). The identity of the tumors was determined by histologic examination, and the tumor cell origin was confirmed by immunohistochemical demonstration of desmin, vimentin, and cytokeratin intermediate filaments.
PNA lectin purified by affinity chromatography was obtained from four sources: Chembiomed, Edmonton, Alberta, Canada; Sigma Chemical Co., St. Louis, Missouri; E.Y. Laboratories, San Mateo, California; and Vector Laboratories, Burlingame, California. All lectin preparations were rehydrated to obtain a solution of 1 mglml lectin and were stored at -20 C.
Crude PNA was prepared from shelled, raw, unsalted pea-nuts2* The peanuts were ground in a blender to the consistency of coarse sand. Excess oil was absorbed by pressing the ground peanuts between several layers of filter paper. One volume of ground peanuts was mixed with four parts 0.85% saline and incubated overnight at 4 C. The peanut-saline mixture was centrifuged at room temperature at 700 x g for 20 minutes, and the supernatant was removed and stored at -20 c.
Tissue sections were stained for PNA binding sites using modification of the avidin biotin complex (ABC) method.2s Air-dried tissue sections were treated to block endogenous tissue avidin biotin reactions (Avidin-biotin Blocking Kit, Vector Laboratories). Nonspecific binding of antisera to the tissue sections was inhibited by immersion of the slides for 30 minutes in 5.0% normal goat sera (NGS) in phosphatebuffered saline (PBS)/l .O mM CaClJl .O mM MgCI, (pH 7.4). The buffer solution was tipped from the slides, and the tissue was flooded with 50 p1 of 1 pg/ml purified lectin or 1/10 dilution of crude lectin in PBS. The slides were incubated at room temperature in a humid chamber for 60 minutes. The lectin solution was tipped from the sections, and the slides were washed three times by immersion in PBS for 5 minutes. The slides were then submerged for 5 minutes in 0.25% glutaraldehyde in PBS at 4 C, followed by three 5-minute washes in PBS. The sections were flooded with affinity-purified biotinylated antibody to PNA (Vector Laboratories) diluted 1/100 in PBS. The antiserum was incubated on the slides at room temperature for 30 minutes and then tipped from the sections, and the slides were washed three times by immersion for 5 minutes in PBS. The sections were covered with a solution containing ABC (Vectastain ABC, Vector Laboratories). The slides were incubated for 60 minutes at room temperature in a humid chamber, followed by three 5-minute PBS washes. The sections were flooded for 5 minutes with a peroxidase substrate solution, 2 mg/ml 3,3'-diaminobenzadine (DAB, Electron Microscopic Supplies, Fort Washington, PA) in PBS with 0.0 I% H202. The sections were lightly counterstained with Mayer's hematoxylin, dehydrated through graded concentrations of ethanol and xylol, and mounted.
Formalin-fixed sections of normal canine tissues were rehydrated through xylene and graded concentrations of ethanol and were stained as were the cryostat sections. In addition to the usual concentration of lectin (1 pg/ml), the sections were also stained with 50 kg/ml of PNA.
The ability to detect PNA binding sites in tissue sections was determined by staining Ta,Ha tumor cells.'2 The specificity of the staining was demonstrated by staining sections in which there was omission of PNA or other reagents from the staining sequence. The selectivity of PNA binding for carbohydrate residues in tissue was demonstrated by abolition of staining in sections pretreated for 30 minutes with 1 O/o periodic acid. The sugar specificity of PNA binding sites was shown by competitive inhibition. PNA was added to tissue sections diluted in buffer to which increasing concentrations of PNA-binding or irrelevant carbohydrate were added. The lectin was diluted in D-galactose, lactose, D-glucose, and N-acetyl-galactosamine at concentrations ranging from 1.0 mM to 1.0 M.
Results
The results of peanut lectin immunohistochemical staining in cryostat sections of normal canine tissues are summarized in Table 1 , and the staining patterns of 114 benign and malignant tumors are summarized in Table 2 . The ability of the stain to detect peanut agglutinin (PNA) receptors was demonstrated by vivid staining of sections of the PNA receptor-rich Ta,Ha mammary adenocarcinoma. Omission of the lectin from the staining sequence completely abolished all staining. The specificity of the staining for carbohydrate residues within the tissues was confirmed by abrogation of the staining in sections pretreated with 1% periodic acid. Dilution of the lectin in sugars with known PNA-binding affinity competitively inhibited the histochemical staining reaction. Dilution in D-galactose and lactose (P-D-galactosyl-1,4-~-glucose) at 0.15 M completely abrogated the staining, whereas dilution in D-glucose (0.15 M) partially diminished the staining and N-acetyl-galactosamine (0.15-1 .O M) was without effect. Affinity purified PNA from four commercial sources and crude PNA prepared in our laboratory showed identical staining patterns.
The most dramatic staining of many tissues, whether normal, benign, or malignant, was often the connective tissue. PNA binding was not associated with cells within connective tissue, but rather the intercellular matrix was stained. There was dark staining of the connective tissues associated with capsules, septa, and, to a lesser degree, reticular fibers. Basal laminae beneath the basal surface of epithelial cells and around muscles, nerves, capillaries, and fat cells were often accented.
The epithelial cells in sections of normal inactive canine mammary gland and mammary adenomas and carcinomas failed to bind PNA, however, in all mixed mammary tumors, both benign and malignant, there was dramatic staining of proliferating myoepithelial cells.
In normal stratified squamous epithelia, there was pale staining of the basal cells and darker staining of the cells of the stratum spinosum, with accentuation of the cell surfaces. In most tumors of stratified squamous epithelial origin, some proportion of the tumor cells were stained. In two tumors, there was dark, diffuse cytoplasmic staining of most tumor cells ( Fig. 1) ; however, in the other tumors less than 50% of the tumor cells were stained. In some tumors, accentuation of the tumor cell surfaces was similar to that seen in normal cells.
In normal lymphoid tissues of the thymus, cortical thymocytes were intensely stained, as were follicle center cells of lymph nodes, tonsils, and Peyer's patches. Paracortical and medullary lymphoid cells and lymphoid cells of the spleen were completely unstained. Histiocytic cells of the lymph node, including tingible body macrophages, marginal zone macrophages, and sinus histiocytes, bound peanut lectin. In the thymus, epithelial reticular cells of the cortex and Hassell's cor-smooth muscle of the tunica media, and the connective puscles were also stained. Two thymic lymphosarco-tissues of tunica adventitia of blood vessels in all tismas had pale diffuse marking of most tumor cells; in sues were stained. In large elastic vessels such as the four nonthymic lymphoid tumors, the PNA binding aorta, amorphorous ground substance and smooth sites were confined to the connective tissues. muscle cells surrounding the elastic fibers were stained. The supporting basal laminae, the cell surfaces of Staining was also associated with endothelical cells of Fig. 3a . Normal skeletal muscle with staining of the connective tissues surrounding muscle cells. Fig. 3b . Rhabdomyosarcoma with diffuse cytoplasmic staining of the tumor cells. Avidin biotin immunoperoxidase complex method with 3'3,diaminobenzadine chromagen, Mayer's hematoxylin counterstain.
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Vet Pathol 304, 1993 small vessels of lymph nodes, spleen, gut, and ovary but was not evident in the kidney, liver, lung, or large vessels, such as the aorta and pulmonary veins. There was variable staining of tumors of the endothelium and diffuse staining of the cells of two benign hemangiomas and two of four malignant hemangiosarcomas. All ( 5 / 5 ) hemangiopericytomas tested showed dark, diffuse marking of the entire cell population (Fig. 2) .
Normal and neoplastic chondrocytes were stained, whereas other differentiated mesenchymal tumors arising in bone did not possess PNA binding sites. Fibrocytes within connective tissue did not appear to bind PNA; however, the cells of one of two fibrosarcomas were diffusely stained. Similarly, normal striated muscle fibers in skeletal and heart muscle were completely unstained ( Fig. 3a) , with positive staining confined to the delicate connective tissue between the muscle fibers. In contrast, two rhabdomyosarcomas were strongly and diffusely stained throughout the cytoplasm of the cells (Fig. 3b ). There was pale staining of smooth muscle sarcoplasm and dramatic staining of the surface of smooth muscle fibers (which may be associated with the external basal laminae).
Normal exocrine glands and associated ducts, with the exceptions of sebaceous glands, the prostate, and the perianal gland, failed to bind PNA. The mucusproducing cells of salivary glands showed pale staining of secreted mucus. Prostatic and perianal gland secretory material and alveolar cells stained intensely on their apical margins. Three benign perianal tumors were diffusely stained, whereas only a minority of cells in a perianal adenocarcinoma showed pale marking of the cytoplasm. Widespread metastases of this tumor also maintained this heterogeneity of staining. A prostatic adenocarcinoma stained diffusely throughout the cytoplasm of the tumor cell population. One lacrimal gland, one sebaceous gland, and one bile duct adenocarcinoma were examined, and in all cases the tumor cells failed to bind the lectin.
Most normal and neoplastic endocrine tissues were also negative for PNA binding sites, with the exception of pale diffuse staining of the cytoplasm of normal thyroid follicular acinar cells, variable staining within two thyroid adenocarcinomas, and dark staining of the cells of the adrenal medulla.
Ciliated cells in respiratory columnar epithelium, mucus-producing glands, and secreted mucus were stained in the trachea and extrapulmonary bronchi. In the normal lung, the ciliated epithelium of the bronchi (particularly on the apical surfaces), the cells lining the alveolar ducts, and the pneumocytes were darkly stained, only the nonciliated cells of simple cuboidal epithelium of the terminal bronchiole and mesothelial cells of the pleura were unstained. In contrast, only three of 13 lung tumors (two bronchiogenic carcinomas and one adenocarcinoma) showed pale staining of the tumor cells in some discrete areas of the tissue.
In the gastrointestinal tract, the parietal cells of the stomach were darkly stained and the chief cells were moderately stained. In the intestine, there was dark homogeneous staining of mucus-producing columnar cells of the duodenum, the apical cytoplasm of columnar epithelial cells of the villi, and crypt cells of the small intestine and colon. Extracellular mucin and connective tissues stained throughout the gastrointestinal tract.
Normal canine tissues fixed for 24 hours in 10% neutral buffered formalin, embedded in paraffin, and immunohistochemically stained for PNA were markedly different from the cryostat sections stained at the same lectin concentration, Selective loss of some PNA receptor sites occurred in the fixed tissues, the most dramatic of which was the almost complete abolition of staining associated with connective tissues, including the basal laminae and Bowman's capsule. There was also loss of staining of cortical thymocytes and lymphoid follicle center cells in fixed tissue samples. Other PNA receptors, such as those on spermatogenic cells, myelin, chondrocytes, stratified squamous epithelium, cells of the adrenal medulla, and thyroid and prostate epithelium, were well preserved in fixed specimens. There were, in addition, some qualitative differences in PNA staining patterns in fixed tissues as compared with cryostat sections: 1) the bladder mucosa was completely unstained in cryostat sections, whereas in fixed sections there was granular staining of the Golgi area; 2) endothelial cells, which stained in some unfixed tissues, were unstained in all fixed tissues; 3) only the nonkeratinized cells of stratified epithelium were stained in cryostat sections, whereas in fixed sections the keratinized cells were also stained and 4) smooth muscle sarcoplasm showed pale diffuse staining in cryostat sections but revealed dark granular deposits in fixed sections.
Discussion
Peanut agglutinin (PNA) receptors have been reported as markers of functional differentiation and neoplastic transformation in many cell types in human beings and laboratory animals.5~14,16.20,35,3*~40. 46 There are few reports of PNA receptor distribution in the dog. PNA receptors have been previously described on the distal convoluted tubules and Bowman's capsule of the canine kidney,20 a finding confirmed in this study, and on the suprabasilar cells of stratified squamous epithelium in dogs and several other specie^,^^.^^ as also confirmed in the present report.
A number of other normal tissues found to express PNA receptors in the dog in the present study have been described to bind the lectin in other species. In human beings, parietal and chief cells of the stomach and epithelial cells of the ~u~,~~~J~J~ prostatic epithelium,5 and spermatogenic cells42 have also been reported as possessing PNA receptors. Spermatogenic cells,48. uterine28 and ovarian follicularS1 epithelium, pancreatic exocrine cell^,^^,^^ and tracheal gland epithelia39 were reported to bind PNA in mice, as demonstrated in this report in dogs. PNA dramatically stained myelin in the canine nervous system which is similar to a finding previously reported in rats. 33 A proportion of canine endothelial cells in some tissues bound PNA. Endothelial cell staining has also been observed in human beings and in mice.25~38~50 The distribution of carbohydrates, including the PNA receptors, on endothelial cells in different tissues may be important because these sugars are critical cell communication molecules and may have pivotal roles in tumor cell invasion and metastasis. A recent report failed to detect PNA receptors in endothelial cells in formalin-fixed canine tissue^;^ however, as was shown in the present study, PNA receptors on endothelial cells are sensitive to the effects of fixation and paraffin embeddment.
PNA receptor sites in canine lymphoid organs were similar to those described in human beings, mice, and sheep and differed from those of rats, guinea pigs, hamsters, and rabbits. 38 The cells of lymphoid follicle centers and the thymic cortex and some histiocytic cells of lymph nodes and epithelial cells of the thymus were stained. Reports of the use of PNA as specific markers of canine T-lymphocytes4* should be interpreted carefully because cells in lymphoid follicles, which are expected to be primarily B-cells, may also bind this lectin. The use of this lectin as a marker of canine lymphoid tumor origin may, however, deserve further study because in the limited number of tumors examined in this study only the thymic-origin tumors bound the lectin.
Peanut lectin marking of some epithelium appears to differ in human beings and dogs. In the present study, uterine glands were darkly stained in the uterus of the nonpregnant mature bitch, whereas in human beings only the epithelium of pregnant women is strongly stained.z8 A species difference may also exist in the distribution of peanut lectin binding sites in canine and human mammary tissue. In normal human mammary glands, PNA binds to epithelial cell apical surfaces and to secreted intraluminal m a t e~i a l ,~.~~,~~ and PNA recognizes the carbohydrates expressed in human milk fat globule m e m b r a n e~.~J~ In contrast, in the normal nonlactating dog mammary gland tested in the present study, there was no discernible binding of the lectin to epithelial cells. This lack of binding may be related to lack of sufficient differentiation of the breast tissue in the normal dog examined; in laboratory an-imals, the expression of PNA receptors is hormone dependent, with maximal expression occurring during pregnancy. 35 The difference may also reflect a species dissimilarity. In contrast to the findings in studies of human mammary tumors, there was complete absence of binding of PNA to canine mammary gland epithelial tumor cells. However, in quantitative studies of PNA binding to human mammary tumors, relatively low proportions of tumor cells (4-1 0%) bound the l e~t i n .~ Because of the dramatic connective tissue binding of the lectin in canine mammary tissues, low numbers of positive cells would possibly be unnoticed; particularly if this binding were confined to the tumor cell surface. A recent report of formalin-fixed paraffin-embedded trypsin-digested canine mammary tissues stated that in nonlactating tissues there was expression of peanut lectin-binding sites at the luminal surface of a proportion of duct epithelial cells and on secreted material in the lumens of lactating glands. ' I These findings differ from those of the present study possibly because of the differences in tissue treatment. The finding of consistent PNA receptor expression on the proliferating myoepithelial cell population in mixed canine mammary tumors is of interest because these cells apparently do not normally express PNA receptors. The role of myoepithelial cells in producing growth and proliferation signals for neoplastic transformation of the epithelial cell population and the function of the receptors detected by PNA binding deserve further study.
There have been many conflicting descriptions of the distribution of PNA receptors in normal and tumor tissues in human beings and laboratory animals. Many of these differences may relate to the diversity of evaluation techniques employed, because a number of variables in methodology, including tissue fixation, influence the staining reaction.27,31.36,37,39.44,4s,49 A comparison of the staining of formalin-fixed normal canine tissues with that of cryostat sections revealed a selective loss of staining of some PNA receptors in fixed tissues, an effect that could be partially overcome by the application of greater concentrations of the lectin to the tissue section. There were, however, some qualitative differences between the staining reactions of formalinfixed and cryostat sections. Differences in PNA immunohistochemical activity on cryostat and fixed tissues have also been reported in rats.30 There were no apparent differences in staining among several affinitypurified PNA preparations or between affinity-purified and crude lectin extract, indicating that discrepancies in staining patterns in various previous reports is unlikely to be attributable to isolectin staining differences, as has been suggested by some
The most dramatic peanut lectin staining in sections of many canine organs was of the connective tissues. The staining appeared to be associated with the amorphorous Haines Vet Pathol 304, 1993 ground substance of the intercellular matrix. Connective tissue binding of PNA also has been reported in human beings. 10~19,21,32,34,40 As in the present study, other authors have observed that the staining of connective tissues appeared to be associated with the amorphorous matrix rather than with fibers or cell^.*^^^^ The staining of connective tissues was not homogeneous throughout all canine tissues; in sections in which there was binding of PNA to other cells (as in the normal prostate), the connective tissue was poorly stained compared with the staining observed in instances in which there was no staining of other components. A similar finding has been noted in human tissuesgJ9 and may reflect competition for the lectin on tissues where many receptors are available. The accentuation of basal laminae observed in this study has been infrequently reported in other species;s1 however, this effect was abolished on formalin-fixed sections, and the vast majority of other studies have examined fixed specimens.
The distribution of PNA receptor sites in neoplastic canine tissue was complex and heterogeneous, and there was little consistent recognition of malignant cells. Many tumors in which there was PNA binding were benign or well differentiated, and the cells simply expressed PNA receptors that were also present in the corresponding normal tissue. In fact, the loss of PNA receptors in malignant tissues, as compared with the corresponding normal tissues, was a more common finding than the appearance of the receptor in association with transformation. PNA binds, in addition to D-galactose-( 1 -3)-n-acetyl-galactosamine (the disaccharide reputed to be the immunodominant epitope of the Thomsen-Friedenreich tumor-associated antigen), terminal galactosyl residues on many other commonly occurring glycoproteins and gly~olipids~~ and therefore may also detect other galactose-rich molecules in normal as well as neoplastic tissue.20.21 *38,44,49 Exceptions occurred, however, in some mesenchymal tumors, in which there was expression of PNA receptors that were not apparent in the normal cells. Studies of PNA binding in other species have generally concentrated upon their distribution in epithelial tumors and have not considered tumors of mesenchymal origin. A proportion of chondrocytic, undifferentiated, and fibroblastic tumor cells and tumors of endothelial origin, hemangiopericytomas, rhabdomyosarcomas, and smooth muscle tumors diffusely and homogeneously bound PNA. The lectin bound to rhabdomyosarcomas, to hemangiopericytomas, and to the myoepithelial component of mixed mammary tumors, cell types in which there were no apparent PNA binding sites in the corresponding normal tissue. Although PNA receptors appear to be expressed too ubiquitously to be of value for the diagnosis of neoplastic transformation in most cell types, their expression in these tumors may be worthy of further investigation. 
